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© System for controlling automobile transmission. 


© A system for controlling an automobile transmis- 
sion effects a gear change by disengaging synchro- 
nizing clutch means (R) for a present gear position, 
i— achieving a neutral gear position, and then engaging 
^ a synchronizing clutch (R) for a next gear position in 
^ response to a shift control signal. The automobile 
O transmission has an actuator (A2) for selectively en- 
0> gaging and disengaging the synchronizing clutch 
(V) (R). An electronic control unit (U) controls an engine 
^ output adjusting assembly (M1 ,M2,P,F) to adjust the 
Ift output power of the engine (E) and also controls the 



LU 


actuator (A2) to start disengaging the synchronizing 
clutch (R) for a present gear position in response to 
a shift command signal. The electronic control unit 
also controls the actuator (A2) to complete disengag- 
ing the synchronizing clutch for a present gear posi- 
tion to enter the neutral gear position when substan- 
tially no load is transmitted between drive and driven 
members of the synchronizing clutch (R) for a 
present gear position under the control of the engine 
output adjusting assembly (M1,M2,P,F). 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a transmission 
control system responsive to a shift control signal 
for effecting a gear change or shift by disengaging 
a synchronizing clutch for a present gear position, 
achieving a neutral gear position, and then engag- 
ing a synchronizing clutch for a next gear position. 

Description of the Prior Art: 

Synchronizing clutches are clutches engagea- 
ble by meshing mechanical components. They in- 
clude a clutch with a synchromesh mechanism, a 
clutch with a roller synchronizing mechanism, and 
a clutch with a dog tooth mechanism. 

There are known automobile transmissions 
which control gear changes or shifts with controlled 
engagement and disengagement of synchronizing 
clutches. One transmission which comprises syn- 
chronizing clutches with roller synchronizing 
mechanisms is disclosed in U.S patent No. 
4,817,451, for example. 

Japanese laid-open patent publication No. 61- 
94830 discloses an automatic transmission for 
automatically carrying out gear changes with syn- 
chronizing clutches. When input and output mem- 
bers of a synchronizing clutch rotate out of syn- 
chronism with each other, an output torque trans- 
mitted through the synchronizing clutch acts to 
prevent the clutch from being engaged or dis- 
engaged, resulting in an increased force required 
to bring the gears out of mesh with each other. It is 
therefore necessary to disengage or engage the 
synchronizing clutch when the torque transmitted 
therethrough is eliminated and hence the force 
required to bring the gears out of mesh with each 
other is eliminated. 

When the automatic transmission disclosed in 
Japanese laid-open patent publication No. 61- 
94830 is to make a gear change, a transmission 
actuator applies a force to a synchronizing clutch 
for a present gear position, which force is of a 
minimum level required to bring this synchronizing 
clutch into a neutral gear position. At the same 
time, the throttle valve of an engine coupled to the 
automatic transmission is gradually closed to lower 
the output power of the engine. When the output 
torque transmitted from the engine through the 
synchronizing clutch for a present gear position is 
substantially eliminated and hence the force re- 
quired to disengage this synchronizing clutch, i.e., 
when drive and driven members of the synchroniz- 
ing clutch are free of loads, the synchronizing 
clutch is brought into the neutral gear position of 
their own accord under the force imposed by the 
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transmission actuator. 

If the output torque of the engine which is 
transmitted through the synchronizing clutch for a 
present gear position abruptly dropped to a zero or 
5 non-load condition and then to a negative level, 
then since the output torque of the engine would 
be eliminated for a very short period of time, the 
gears could not be brought out of mesh with each 
other, and hence the neutral gear position could 

w not be achieved. To avoid this drawback, the throt- 
tle valve of the engine is gradually closed to lower 
the output torque of the engine gradually for allow- 
ing the gears to be brought reliably out of mesh 
with each other. 

/5 According to such a control process, however, 

because the throttle valve of the engine starts 
being gradually closed after a shift command has 
been issued, it takes a certain period of time until 
the synchronizing clutch for a present gear position 

20 is disengaged to reach the neutral gear position 
after the shift command has been issued. There- 
fore, the operation of the transmission to accom- 
plish a gear change is relatively slow. 

Furthermore, the above control is effective only 

25 when the output torque of the engine is of a posi- 
tive value, i.e.. the engine is being accelerated, at 
the time the transmission starts to effect a gear 
change. That is, only when the output torque of the 
engine is of a positive value under an accelerating 

30 condition, the throttle valve is gradually closed to 
lower the output torque, and the neutral gear posi- 
tion is reached when the output torque substantially 
drops to a zero level, i.e., the transmission is 
subject to no load. If the output torque were of a 

35 negative value, i.e., the engine were being decel- 
erated, or the output torque were zero. i.e.. the 
transmission were under no load, at the time the 
transmission starts to effect a gear change, then 
closing the throttle valve would additionally lower 

40 the output torque of the engine. The output torque 
would thus not drop to zero, failing to disengage 
the synchronizing clutch for a present gear posi- 
tion. 

In view of the above shortcomings of the con- 
45 ventional transmission control system, it has been 
proposed, as disclosed in Japanese patent applica- 
tion No. 2-401192, to employ a map of throttle 
valve openings and engine rotational speeds, the 
map including an accelerating region where the 
so engine output torque is positive and a decelerating 
region where the engine output torque is negative, 
and to determine whether the engine is being ac- 
celerated or decelerated using the map at the time 
the transmission starts to make a gear change, rf 
55 the engine is determined as being accelerated, 
then the engine output power is lowered until a 
non-load condition is reached, i.e., until the engine 
output torque transmitted through the synchroniz- 
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ing clutch for a present gear position drops to zero, 
when the synchronizing clutch is disengaged. Con- 
versely, if the engine is determined as being decel- 
erated, then the engine output power is increased 
until a non-toad condition is reached, when the 
synchronizing clutch for a present gear position is 
disengaged.' 

However, if the engine condition is in the 
boundary between the accelerated and decelerated 
conditions at the time the transmission starts to 
make a gear change, i.e., if the engine output 
torque transmitted through the synchronizing clutch 
for a present gear position is in the vicinity of the 
zero level, then it is difficult to determine whether 
the engine is being accelerated or decelerated. 
When this happens, controlling the transmission for 
a gear change may become unstable. 

The unstable transmission control is problem- 
atic in that since the transmission may not effect a 
downshift, for example, when a downshift com- 
mand is issued, the automobile may not be decel- 
erated even though the driver wishes to decelerate 
the automobile through a downshift. As a result, the 
automobile tends to lose stability while it is run- 
ning. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a system for controlling an automobile 
transmission to effect gear changes through 
smooth, quick, and reliable disengagement of syn- 
chronizing clutches. 

Another object of the present invention is to 
provide a system for controlling an automobile 
transmission to carry out a downshift reliably and 
quickly based on a downshift command. 

According to the present invention, the above 
objects can be achieved by a system for control- 
ling an automobile transmission to effect a gear 
change by disengaging a synchronizing clutch 
means for a present gear position, achieving a 
neutral gear position, and then engaging a synchro- 
nizing clutch means for a next gear position in 
response to a shift control signal, the system com- 
prising a shift command means for outputting a 
shift command signal, an actuator for selectively 
engaging and disengaging the synchronizing clutch 
means, and an engine output adjusting means for 
adjusting an output power of an engine. In re- 
sponse to the shift command signal from the shift 
command means, the engine output adjusting 
means adjusts the output power of the engine, the 
actuator starts disengaging the synchronizing 
clutch means for a present gear position. The ac- 
tuator completes disengaging the synchronizing 
clutch means for a present gear position to enter 
the neutral gear position when substantially no load 


is transmitted between drive and driven members 
of the synchronizing clutch means for a present 
gear position under the control of the engine output 
adjusting means. Thereafter, the synchronizing 

5 clutch means for a next gear position is engaged to 
complete the gear change. 

The engine output adjusting means is respon- 
sive to the shift command signal from the shift 
command means for effecting a first engine output 

w adjusting mode to quickly lower the output power 
of the engine for a first period of time from the 
reception of the shift command signal, and effec- 
ting a second engine output adjusting mode to 
gradually lower the output power of the engine for 

75 a second period of time following the first period of 
time. In response to the shift command signal from 
the shift command means, the actuator starts dis- 
engaging the synchronizing clutch means for a 
present gear position and completes disengaging 

20 the synchronizing clutch means for a present gear 
position to enter the neutral gear position when 
substantially no load is transmitted between the 
drive and driven members of the synchronizing 
clutch means for a present gear position in the 

25 second engine output adjusting mode effected by 
the engine output adjusting means. 

The engine output adjusting means may com- 
prise engine output generating means for generat- 
ing the output power of the engine and engine 

30 output controlling means for controlling the engine 
output generating means. The engine output con- 
trolling means is responsive to the shift command 
signal from the shift command means for effecting 
a first engine output adjusting mode to shut off the 

35 engine output generating means for a first period of 
time from the reception of the shift command sig- 
nal, and effecting a second engine output adjusting 
mode to intermittently shut off the engine output 
generating means for a second period of time 

40 following the first period of time. Responsive to the 
shift command signal from the shift command 
means, the actuator starts disengaging the syn- 
chronizing clutch means for a present gear posi- 
tion. The actuator completes disengaging the syn- 

45 chronizing clutch means for a present gear position 
to enter the neutral gear position when substantially 
no load is transmitted between the drive and driven 
members of the synchronizing clutch means for a 
present gear position in the second engine output 

so adjusting mode effected by the engine output con- 
trolling means. 

The engine output generating means may 
comprise an ignition controlling means for control- 
ling ignition of the engine, or a fuel injection control 

55 means for controlling fuel injection of the engine. In 
the first engine output adjusting mode, the ignition 
controlling means or the fuel injection control 
means is completely shut off, and in the second 
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engine output adjusting mode, the ignition control- 
ling means or the fuel injection control means is 
intermittently shut off. 

Alternatively, the engine output adjusting 
means may comprise engine output generating 
means for generating the output power of the en- 
gine, engine output controlling means for control- 
ling the engine output generating means, and in- 
take control means for adjusting the amount of 
intake air to be supplied to the engine. In response 
to the shift command signal from the shift com- 
mand means, intake control means increases the 
amount of intake air and the actuator starts dis- 
engaging the synchronizing clutch means for a 
present gear position. At the same time, the engine 
output controlling means shuts off the engine out- 
put generating means to bring the synchronizing 
clutch means for a present gear position into a 
decelerated condition for a first period of time from 
the reception of the shift command signal. There- 
after, the actuator completes disengaging the syn- 
chronizing clutch means for a present gear position 
to enter the neutral gear position when the output 
power of the engine is increased until no load is 
transmitted between the drive and driven members 
of the synchronizing clutch means for a present 
gear position. 

The engine output adjusting means may alter- 
natively comprise engine output generating means 
for generating the output power of the engine, 
engine output controlling means for controlling the 
engine output generating means, a throttle valve for 
adjusting the amount of intake air to be supplied to 
the engine, a bypass intake passage for supplying 
intake air to the engine in bypassing relationship to 
the throttle valve, and bypass opening/closing 
means for selectively opening and closing the by- 
pass intake passage. In response to the shift com- 
mand signal from the shift command means, the 
throttle valve is fully closed and the bypass 
opening/closing means is fully opened. The engine 
output controlling means effects a first engine out- 
put adjusting mode to shut off the engine output 
generating means for a first period of time from the 
reception of the shift command signal, and a sec- 
ond engine output adjusting mode to intermittently 
shut off the engine output generating means for a 
second period of time following the first period of 
time. The actuator starts disengaging the synchro- 
nizing clutch means for a present gear position 
from the reception of the shift command signal and 
completes disengaging the synchronizing clutch 
means for a present gear position to enter the 
neutral gear position when substantially no load is 
transmitted between the drive and driven members 
of the synchronizing clutch means for a present 
gear position in the second engine output adjusting 
mode effected by the engine output controlling 
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means. 

The control process carried out for speed 
changes by the automobile transmission control 
system is suitable particularly for making down- 
5 shifts. 

The above and other objects, features, and 
advantages of the present invention will become 
apparent from the following description when taken 
in conjunction with the accompanying drawings 
/o which illustrate preferred embodiments of the 
present invention by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

75 FIG. 1 is a schematic diagram of a system for 
controlling an automobile transmission according 
to an embodiment of the present invention; 
FIG. 2 is a fragmentary cross-sectional view of a 
roller synchronizing mechanism that can be con- 

20 trolled by the system; 

FIG. 3 is a cross-sectional view taken along line 
III - III of FIG. 2; 

FIG. 4 is a perspective view of a retainer of the 
roller synchronizing mechanism; 
25 FIG. 5 is a fragmentary cross-sectional view of 
the roller synchronizing mechanism; 
FIG. 6 is a cross-sectional view of a shift ac- 
tuator of the system; 

FIG. 7 is a plan view showing, in a developed 
30 fashion, cam grooves in a shift drum of the shift 
actuator; 

FIG. 8 is a flowchart of a gear-change control 
sequence of the system; 

FIG. 9 is a flowchart of a subroutine of the gear- 
35 change control sequence of the system; 

FIGS. 10, 11, and 12 are a flowchart of a sub- 
routine of the gear-change control sequence of 
the system; 

FIG. 13 is a graph showing the relationship 
40 between the throttle valve opening of an engine, 
the rotational speed of the engine, and the out- 
put power of the engine; 

FIGS. 14(a), 14(b), 14(c), and 14(d) are graphs 

showing the fuel injection, the shift position, the 
45 engine rotational speed, and the engine torque, 

respectively, as they vary with time; 

FIG. 15 is a flowchart of a subroutine of the 

gear-change control sequence of the system; 

FIGS. 16(a), 16(b), and 16(c) are graphs show- 
50 ing the fuel injection, the shift position, and the 

transmission shaft rotational speed, respectively, 

as they vary with time; 

FIGS. 17, 18, and 19 are a flowchart of a sub- 
routine of the gear-change control sequence of 
55 the system; 

FIGS. 20(a), 20(b), 20(c), and 20(d) are graphs 
showing the fuel injection, the shift position, the 
throttle valve opening, and the transmission 
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shaft rotational speed, respectively, as they vary 
with time; 

FIG. 21 is a schematic diagram of a system for 
controlling an automobile transmission according 
to another embodiment of the present invention; 
and 

FIGS. 22(a), 22(b), 22(c), 22(d), and 22(e) are 
graphs showing the fuel injection, the shift posi- 
tion, the throttle valve opening, the bypass valve 
opening, and the transmission shaft rotational 
speed, respectively, as they vary with time. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As shown in FIG. 1, an automobile transmission 
control system according to an embodiment of the 
present invention, which is mounted on an auto- 
mobile, generally comprises a multirange transmis- 
sion M coupled to an in-line four-cylinder engine E 
through a clutch C, and an electronic control unit U 
(transmission controller) for controlling the trans- 
mission M. The engine E has a throttle valve T 
whose opening is controllable for varying the rota- 
tional speed of the engine E. The throttle valve T is 
associated with a throttle actuator A1 which adjusts 
or controls the opening'of the throttle valve T and a 
throttle valve opening sensor S1 which detects the 
opening of the throttle valve T. The throttle actuator 
A1 and the throttle valve opening sensor S1 are 
electrically connected to the electronic control unit 
U. 

The clutch C is coupled to a clutch pedal Pc 
through a wire cable W and also to a clutch damp- 
er D having an orifice control solenoid-operated 
valve V. The clutch C can be engaged and dis- 
engaged under hydraulic pressure by the clutch 
damper D in response to operation of the clutch 
pedal Pc. A lever L which is movable with the 
clutch damper D is associated with a clutch stroke 
sensor S2 which detects the position of the lever L, 
the clutch stroke sensor S2 being electrically con- 
nected to the electronic control unit U. 

The engine E has spark plugs P and fuel 
injection valves F which are controlled by the elec- 
tronic control unit U to control the output power 
produced by the engine E. The spark plugs P and 
the fuel injection valves F are electrically con- 
nected to the electronic control unit U through a 
spark controller M1 and a fuel supply controller 
M2, respectively. The spark controller M1, the fuel 
supply controller M2, and the electronic control unit 
U jointly control energization and de-energization of 
the spark plugs P and also fuel injection and fuel 
cutting-off through the fuel injection valves F. 

The multirange transmission M has a main 
shaft SM, a countershaft SC. and a plurality of gear 
trains disposed between the main shaft SM and the 
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countershaft SC for establishing a desired one of 
gear positions. Each of the gear trains is combined 
with a roller synchronizing mechanism R for con- 
necting the gears to the main shaft SM and the 

5 countershaft SC. The roller synchronizing mecha- 
nisms R are actuatable by a drum-type shift ac- 
tuator A2 coupled to the electronic control unit U 
whose shift position is detected by a shift position 
sensor S3 and indicated by a shift position indica- 

70 tor I. 

A steering wheel H is combined with a steering 
shift mechanism S5 having a shift-up lever Lu for 
outputting an upshift command and a shift-down 
lever Ld for outputting a downshift command. The 

75 steering shift mechanism S5 is electrically con- 
nected to the electronic control unit U. 

To the electronic control unit U, there are also 
electrically connected an accelerator pedal move- 
ment sensor S4 for detecting the depressed posi- 

20 tion of an accelerator pedal PA, an engine rota- 
tional speed sensor S5 for detecting the rotational 
speed of the crankshaft of the engine E, a main 
shaft rotational speed sensor S6 for directly detect- 
ing the rotational speed of the main shaft SM of the 

25 multirange transmission M, and a countershaft rota- 
tional speed sensor S7 for detecting the rotational 
speed of the countershaft SC of the multirange^ 
transmission M through the rotational speed of an 
input gear operatively coupled to the countershaft 

30 SC. 

The electronic control unit U is electrically con- 
nected to a battery B that is charged by a gener- 
ator G on the automobile. 

The roller synchronizing mechanisms R will be 
35 described below with reference to FIGS. 2 through 
5. 

As shown in FIG. 2, the roller synchronizing 
mechanism R for an nth gear jDosition has a gear 
3a that is relatively rotatably supported by a needle 
40 bearing 2a on a rotatable shaft 1 which serves as 
either the main shaft SM or the countershaft SC of 
the multirange transmission M. The roller synchro- 
nizing mechanism R for an (n + 7jth gear position 
has a gear 3b that is also relatively rotatably sup- 
45 ported by a needle bearing 2a on the rotatable 
shaft 1 1 the gear 3b being axially spaced from the 
gear 3a. Between the gears 3a, 3b, there is axially 
slidably supported a boss 6 on the rotatable shaft 1 
by splines 5. A sleeve 8 is axially slidably sup- 
so ported on the boss 6 by splines 7. When the 
sleeve 8 is axially moved by a tip end 9 of a fork, 
the gear 3a or the gear 3b is corotatably coupled 
the rotatable shaft 1 thus establishing the nth gear 
position or the (n + /Jth gear position. 
55 As also shown in FIG. 3, the gear 3a has an 

annular recess 3a1 defined in a side surface there- 
of, and the boss 6 has an integral ring-shaped 
inner cam 10a positioned in the annular recess 
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3a1. The inner cam 10a has a plurality of V-shaped 
cam grooves 10a1 defined in its outer circumferen- 
tial surface. A plurality of rollers 12a are disposed 
respectively between the cam grooves 10a1 and a 
roller contact surface 3a2 on the inner circumferen- 
tial surface of the recess 3a1. 

A rir^j-shaped retainer 13a (see FIG. 4) is dis- 
posed between the inner cam 10a and the roller 
contact surface 3a2 and has an outer circumferen- 
tial surface relatively rotatably held in contact with 
the roller contact surface 3a2. The retainer 1 3a has 
a plurality of circumferentially spaced roller support 
holes 13a1 extending radially therethrough and po- 
sitioned in alignment with the respective cam 
grooves 10a1. The rollers 12a are retained in the 
roller support holes 13a1 for slight radial movement 
therein. The retainer 13a also has three dowel 
insertion slots 13a2 defined in 120° -spaced rela- 
tionship in an inner circumferential surface thereof, 
the dowel insertion slots 1 3a2 extending axially and 
opening at one side surface of the retainer 13a. 

The sleeve 8 has three dowels 8a projecting 
axially in 120 Q -spaced relationship from a side 
surface thereof. When the sleeve 8 is axially 
moved on the boss 6 through the splines 7, the 
dowels 8a move into and out of the respective 
dowel insertion slots 13a2 (see FIG. 5). When the 
dowels 8a engage in the respective dowel insertion 
slots 13a2, the inner cam 10a and the retainer 13a 
are positioned as shown in FIG. 3, and the rollers 
12a are fitted centrally in the cam grooves 10a1, 
respectively. 

The roller synchronizing mechanism R of the 
(n + gear position is symmetrically identical in 
structure to the roller synchronizing mechanism R 
for the nth gear position, and hence will not be 
described in detail below. The components of the 
roller synchronizing mechanism R for the (n + 
gear position are denoted by identical reference 
numerals with a suffix b. 

Operation of the roller synchronizing mecha- 
nism R for the nth gear position, by way of exam- 
ple, will be described below. 

When the sleeve 8 is in a neutral position 
shown in FIGS. 2 and 5 with the dowels 8a fitted in 
the respective dowel insertion slots 13a2, the inner 
cam 10a and the retainer 13a are positioned as 
shown in FIG. 3 by the rotatable shaft 1, the boss 
6, the dowels 8a, and the dowel insertion slots 
13a2. The rollers 12a retained by the retainer 13a 
are moved radially inwardly in the roller support 
holes 13a1 and slightly spaced from the roller 
contact surface 3a2. The outer circumferential sur- 
face of the retainer 13a now slides against the 
roller contact surface 3a2, preventing a torque from 
being transmitted between the rotatable shaft 1 and 
the gear 3a. At this time, the dowels 8b of the 
sleeve 8 are also fitted in the respective dowel 


insertion slots 13b2 of the retainer 13b, preventing 
a torque from being transmitted between the rotat- 
able shaft 1 and the gear 3b. 

The roller synchronizing mechanism R for the 
5 (n + gear position is now held in a neutral 
position. 

Axial movement of the sleeve 8 in the direction 
indicated by the arrow A in FIG. 5 places the 
dowels 8a out of the dowel insertion slots 13a2, 

10 thus allowing the retainer 13a and the inner cam 
10a to rotate relatively to each other. The retainer 
13a and the inner cam 10a are rotated slightly 
relatively to each other by a torque transmitted 
from the rotatable shaft 1 or the gear 3a. The 

75 rollers 12a are wedged radially outwardly in the 
roller support holes 13a1 by the respective cam 
grooves 10a1 and pressed against the roller con- 
tact surface 3a2. The inner cam 10a and the gear 
3a, and hence the rotatable shaft 1 and the gear 

20 3a, are corotatably coupled to each other, estab- 
lishing the nth gear position. When the sleeve 8 is 
axially moved in the direction indicated by. the 
arrow B in FIG. 5, the rotatable shaft 1 and the 
gear 3b are corotatably coupled to each other, 

25 establishing the (n + gear position. 

The shift actuator A2 will be described below 
with reference to FIGS. 6 and 7. 

As shown in FIG. 6, the multirange transmis- 
sion T has a casing 21 in which a cylindrical shift 

30 drum 24 is rotatably supported at its opposite ends 
by a pair of ball bearings 22. 23. A driven gear 25 
fixed to one of the ends of the shift drum 24 is held 
in mesh with a drive gear 28 that is fixed to a drive 
shaft 27 of a shift motor 26 mounted on the casing 

35 21. Rotation of the shift drum 24 can thus be 
controlled by the shift motor 26 which comprises a 
stepping motor in this embodiment. 

Three shift forks 30, 31, 32 have respective 
tubular ends 33a, 33b, 33c slidably fitted over and 

40 supported on the shift drum 24 by respective pairs 
of slide bearings 29. As also shown in FIG. 7, the 
shift drum 24 has three cam grooves 24a, 24b, 24c 
defined therein and receiving respective radial pins 
34a, 34b, 34c mounted on the tubular ends 33a, 

45 33b, 33c of the respective shift forks 30, 31 , 32. 

The shift forks 30, 31, 32 have respective tip 
ends 9a, 9b, 9c positioned remotely from the tubu- 
lar ends 33a, 33b, 33c thereof and engaging re- 
spective three sleeves 8 (see FIG. 2) of the cor- 

50 responding roller synchronizing mechanisms R. 

The transmission M has five roller synchroniz- 
ing mechanisms R for establishing five forward 
gear positions, i.e., LOW, 2ND, 3RD, 4TH, and 5TH 
gear positions. Four of these five roller synchroniz- 

55 ing mechanisms R are arranged in pairs as shown 
in FIGS. 2 through 5, and used to establish the 
LOW, 2ND, 3RD, and 4TH gear positions, respec- 
tively. The other roller synchronizing mechanism R 
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comprises one of the two mechanisms shown in 
FIG. 2, and is used to establish the 5TH gear 
position. 

These five gear positions are established by 
controlling rotation of the shift drum 24 with the 
shift motor 26. In an N (neutral) gear position, for 
example, the pins 34a, 34b, 34c are positioned in 
the respective cam grooves 24a, 24b, 24c as 
shown in FIG. 7. When the shift drum 24 rotates 
from the N gear position, the pins 34a, 34b, 34c 
move in and along the respective cam grooves 
24a, 24b, 24c, axially moving the corresponding 
shift forks 30, 31, 32 to successively establish the 
corresponding gear positions. For example, when 
the shift drum 24 rotates in the direction indicated 
by the arrow C in FIG. 7 to bring the pins 34a, 34b. 
34c to a position LOW in FIG. 7, only the pin 34a 
moves to the right, moving the shift fork 30 to the 
right. The shift fork 30 actuates the roller synchro- 
nizing mechanism R for the LOW gear position to 
establish the LOW gear position. 

As described above, the shift motor 2 controls 
rotation of the shift drum 24 to control gear 
changes in the transmission control system. 

An operation sequence for controlling the gear 
changes will be described below. 

The gear-change control sequence is executed 
according to the flowchart of FIG. 8. First, steps Si, 
S2 of the gear-change control sequence determine 
whether there is an upshift or downshift command 
signal from the shift-up lever Lu or the shift-down 
lever Ld of the steering shift mechanism S5, i.e., 
whether the driver of the automobile has operated 
on the shift-up lever Lu or the shift-down lever Ld. 

If there is no upshift or downshift command 
signal, then the engine E is controlled according to 
a normal control process in a step S3. In the 
normal control process, the electronic control unit 
U operates the throttle actuator A1 to control the 
engine E based on an output signal from the accel- 
erator pedal movement sensor S4 which detects 
the depressed position of the accelerator pedal 
sensor PA. 

If an upshift command signal is produced by 
the shift-up lever Lu, then control goes from the 
step S2 to a step S4 for a shift-up control process. 
If a downshift command signal is produced by the 
shift-down lever Ld, then control goes from the 
step S2 to a step S5 for a shift-down control 
process. 

The shift-up control process for shifting the 
transmission M from the nth gear position (present 
gear position) to the (n + gear position (next 
gear position), for example, will be described below 
with reference to FIG. 9. 

In the shift-up control process, a shift target 
value, i.e., a target angular position for the shift 
drum 24 to reach with the shift motor 26, is cal- 


culated from the type of the produced upshift com- 
mand signal in a step S11. Then, a step S12 
carries out a gear disengagement control process 
for releasing the roller synchronizing mechanism R 

5 that is establishing the present nth gear position. 

The gear disengagement control process in the 
step S12 will be described in detail with reference 
to a flowchart shown in FIGS. 10 through 12 and 
timing charts shown in FIGS. 14(a) through 14(d). 

10 First, the angular position of the shift motor 26 

is controlled based on the calculated shift target 
value in a step S21. The shift motor 26 is en- 
ergized to cause the shift drum 24 to start rotating, 
with a slight time lag, from a position SP(P) (see 

75 FIG. 14(b)) corresponding to the present rrth gear 
position toward a position corresponding to the 
next (n + gear position which is to be 

achieved. 

However, since a drive torque is being trans- 
20 mitted through the roller synchronizing mechanism 
R, the sleeve 8 does not axially move and hence 
the dowels 8a do not enter the dowel insertion slots 
13a2 because of frictional forces due to the drive 
torque being transmitted. As the shift drum 24 
25 rotates, therefore, the shift fork 30 (31, 32) moves 
as indicated by SP(1) in FIG. 14(b) by an interval 
corresponding to the play between the shift fork 
and the sleeve 8, and then stops after having 
reached a position SP(2). In the position SP(2), the 
30 sleeve 8 does not move while it is subjected to an 
axial push from the shift motor 26, and the dowels 
8a are positioned out of the dowel insertion slots 
I3a2. The roller synchronizing mechanism R for 
the present nth gear position thus remains en- 
35 gaged. 

Then, a step S22 determines whether the throt- 
tle valve opening TH as detected by the throttle 
valve opening sensor S1 is greater than a non-load 
throttle valve opening THNL. 
40 Such a detection is based on the graph of FIG. 

13 which shows a non-load line LNL where the 
output torque TQ of the engine E at the roller 
synchronizing mechanism R for the present gear 
position is zero, i.e., no load is transmitted between 
45 drive and driven members of the roller synchroniz- 
ing mechanism R for the present gear position, 
based on the relationship between the throttle valve 
opening TH and the engine rotational speed Ne. 
The throttle valve opening on the non-load line LNL 
so represents the non-load throttle valve opening 
THNL. Whether the detected throttle valve opening 
TH is greater than the non-load throttle valve open- 
ing THNL can be determined by comparing the 
detected throttle valve opening TH with the non- 
55 load throttle valve opening THNL. 

When the throttle valve opening TH is larger 
than the non-load throttle valve opening THNL, 
then the engine E is in an accelerated condition, 
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and the drive torque is transmitted from the engine 
E to the drive road wheels, i.e., from the main shaft 
SM through transmission gears to the countershaft 
SC. When, the throttle valve opening TH is smaller 
than the non-load throttle valve opening THNL, 
then the engine E is in a decelerated condition, and 
the driver torque is transmitted from the drive road 
wheels to the engine E, i.e., from the countershaft 
SC through transmission gears to the main shaft 
SM. 

In an upshift, the engine rotational speed Ne is 
lowered as the speed reduction ratio is reduced. 
According to the shift-up control process, therefore, 
the roller synchronizing mechanism R for the 
present gear position is first brought into an accel- 
erated condition, and then the output power of the 
engine is lowered until the output torque TQ of the 
engine E at the roller synchronizing mechanism R 
for the present gear position becomes zero, i.e., no 
load is transmitted between drive and driven mem- 
bers of the roller synchronizing mechanism R for 
the present gear position, when the roller synchro- 
nizing mechanism R for the present gear position 
is disengaged. Therefore, if the throttle valve open- 
ing TH is equal to or smaller than the non-load 
throttle valve opening THNL in the step S22, then 
control goes to a step S23 in which the throttle 
valve opening TH is increased to an opening 
(THNL + a) greater than the non-load throttle valve 
opening THNL for bringing the synchronizing 
mechanism R for the present gear position into an 
accelerated condition. 

If the throttle valve opening TH is smaller than 
the non-load throttle valve opening THNL in the 
step S22, then control proceeds to a step S24 
which determines whether a flag F that is initially 
set to zero is zero or not. Since the flag F is 
initially F = 0, control goes from the step S24 to a 
step S25. The flag F is set to F = 1 in the step 
S25, and then a delay timer TIME1 is set in a step 
S26. 

Thereafter, the time TIME1 to which the delay 
timer TIME1 is set is decremented by 1 (TIME1 = 
TIME1 - 1) in a step S27. In following cycles, since 
the flag F is F = 1 , control goes from the step S24 
through a step S28 which determines whether the 
flag F is 1 or not, and a step S29 which determines 
whether the time TIME1 is 0 or not to the step S27. 
This loop is repeated until the time TIME1 elapses. 

When the time TIME1 elapses (TIME1 = 0) in 
the step S29, control goes to a step S30 in which 
the flag F is set to F = 2 and then a step S31 in 
which a cut-off timer TIME2 is set. After the step 
S31, the fuel injection starts to be initially cut off in 
a step S32. Thereafter, the time TIME2 to which 
the cut-off timer TIME2 is set is decremented by 1 
(TIME2 = TIME2 - 1) in a step S33. In following 
cycles, since the flag F is F = 2, control goes from 


the step S24 through a step S34 which determines 
whether the flag F is 2 or not, and a step S35 
which determines whether the time TIME2 is 0 or 
not to the step S32 for initially cutting off the fuel 

5 injection once during the time to which the cut-off 
timer TIME2 is set. This loop is repeated until the 
time TIME2 elapses. 

When the time TIME2 elapses (TIME2 = 0) in 
the step S35, control goes to a step S36 in which 

10 the flag F is set to F = 3 and then a step S37 in 
which a canceling timer TIME3 is set. Then, an 
intermittent cutting-off of the fuel injection is started 
in a step S38, and the time TIME3 to which the 
canceling timer TIME3 is set is decremented by 1 

75 (TIME3 = TIME3 - 1) in a step S39. 

The above control process is illustrated in 
FIGS. 14(a) through 14(d). When a shift-up com- 
mand signal is issued at a time to, the delay time 
TIME1 of the delay timer TIME1 up to a time t1 is 

20 awaited. Thereafter, the fuel injection is initially cut 
off during the time TIME2 of the cut-off timer 
TIME2, i.e., from the time t1 to a time t3. After the 
time t3, the fuel injection is intermittently cut off 
repeatedly at a predetermined period. 

25 When the fuel injection is thus initially cut off, 

the output power of the engine E is greatly lower- 
ed, i.e., the rotational speed Ne of the engine E is 
quickly lowered as indicated by Ne(1) in FIG. 14(c), 
and the output torque TQ at the roller synchroniz- 

30 ing mechanism R for the present gear position is 
quickly lowered as indicated by TQ(1) in FIG. 14- 
(d). When the fuel injection is thereafter intermit- 
tently cut off, the engine rotational speed Ne and 
the engine output torque TQ are gradually lowered 

35 as indicated by Ne(2) in FIG. 14(c) and TQ(2) in 
FIG. 14(d). The output torque TQ at the roller 
synchronizing mechanism R for the present gear 
position rapidly approaches a zero torque level at 
which no load is transmitted between the drive and 

40 driven members of the roller synchronizing mecha- 
nism R. After the output torque TQ reaches a level 
close to the zero torque level, it gradually ap- 
proaches the zero torque level. 

The above control process for cutting off the 

45 fuel injection is effected to eliminate the output 
torque TQ at the roller synchronizing mechanism R 
for the present gear position, i.e., to eliminate any 
load between the drive and driven members of the 
roller synchronizing mechanism R. If the time dur- 

50 ing which the fuel injection is cut off were too long, 
however, the output torque TQ would be lowered 
excessively, allowing the engine to be driven from 
the drive road wheels. The time during which the 
fuel injection is to be cut off, particularly the time 

55 during which the fuel injection is to be initially cut 
off (initial cut-off time), is set depending on the 
magnitude of the engine output power before the 
fuel injection is cut off. Specifically, the greater the 
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engine output power, the longer the initial cut-off 
time is set. 

The initial cut-off time may be determined in 
advance with respect to the output torque TQ when 
the fuel injection starts to be cut off, or may be 
selected such that the fuel injection is cut off until 
the engine rotational speed drops a certain speed, 
e.g., 300 rpm. 

When the output torque TQ at the roller syn- 
chronizing mechanism R for the present gear posi- 
tion, i.e., any load between the drive and driven 
members of the roller synchronizing mechanism R, 
is eliminated, since the drive force applied to the 
roller synchronizing mechanism R for the present 
gear position falls to zero, the frictional resistance 
to axial movement of the sleeve 8 is substantially 
eliminated. The sleeve 8 is now axially moved 
under the axial push from the shift motor 26, insert- 
ing the dowels 8a into the respective dowel inser- 
tion slots 13a2 of the retainer 13a. The shift fork 
moves from the position SP(2) through a position 
SP(3) to a neutral position SP(N), as shown in FIG. 
14(b). When the shift fork reaches the neutral posi- 
tion SP(N), the shift motor 26 is temporarily de- 
energized. In the neutral position SP(N), the dowels 
8a are fully fitted in the respective dowel insertion 
slots 13a2 as shown in FIG. 5. 

From the time the flag F is set to F = 3, the 
difference ASP between the neutral position SP(N) 
and an actual shift fork position when the shift fork 
moves to the neutral position SP(N) is detected in 
steps S40, S41 . A step S42 determines whether or 
not the absolute value of the difference ASP is 
equal to or smaller than a first predetermined value 
DS1 (ASP £ DS1) to determine whether the sleeve 
8 has started to move or not. The first predeter- 
mined value DS1 is selected to be slightly smaller 
than the difference between the position SP(2) and 
the neutral position SP(N). 

When the sleeve 8 has started to move, since 
the output torque TQ of the engine E is substan- 
tially eliminated, control proceeds to a step S43 in 
which the intermittent cutting-off of the fuel injec- 
tion is stopped and the fuel injection is continu- 
ously cut off. 

If the absolute value of the difference ASP is 
greater than the first predetermined value DS1 
(ASP < DS1) continuously for the time TIME3 of 
the canceling timer TIME3, i.e., if the sleeve 8 does 
move and the neutral position is not reached even 
after elapse of the time TIME3, then control goes 
to a step S44 in which the present shift-up control 
process is canceled and a step S45 in which the 
flag F is set to F = 0. 

When the roller synchronizing mechanism R 
for the present nth gear position is brought into a 
neutral condition by the gear disengagement con- 
trol process in the step S12, control proceeds to a 


step S13 which carries out a synchronized gear 
engagement control process. 

The synchronized gear engagement control 
process, which is effected when the fuel injection is 
5 continuously cut off after the time t3 in FIGS. 14(a) 
and 16(a). The synchronized gear engagement 
control process will now be described below with 
reference to FIG. 15. FIGS. 16(a) through 16(c) are 
timing charts of the synchronized gear engagement 
io control process in its entirety, and FIGS. 14(a) 
through 1 4(d) show an initial portion of the synchro- 
nized gear engagement control process in which 
the roller synchronizing mechanism for the present 
gear position is disengaged to achieve the neutral 
75 condition. 

FIG. 16(c) shows the rotational speed Nm of 
the main shaft SM and the rotational speed Nc of 
the countershaft SC as they vary with time, the 
rotational speeds Nm, Nc being shown as con- 
20 verted into those of one shaft in the gear position 
at the time. Before a gear-change command signal 
is issued, the rotational speeds Nm, Nc are the 
same as each other. When a shift-up command 
signal is issued, since the rotational speeds Nm, 
25 Nc change to rotational speeds corresponding to 
the next gear position, i.e., the (n + 1)\h gear 
position, the rotational speed Nc of the countershaft 
SC is lowered. The rotational speed Nm of the 
main shaft SM is equal to the engine rotational 
30 speed as long as the clutch C is engaged. 

When the roller synchronizing mechanism R 
for the present nth gear position is disengaged into 
the neutral condition and the fuel injection is con- 
tinuously cut off, the rotational speed Nm of the 
35 main shaft SM quickly drops and approaches the 
rotational speed Nc of the countershaft SC as 
shown in FIG. 16(c). A step S51 calculates the 
difference ANs between the rotational speeds Nm, 
Nc, and then a step S52 determines whether or not 
40 the difference ANs is equal to or lower than a 
predetermined difference DN. 

If ANs £ DN at a time t4 (FIG. 16(c)), then the 
position of the shift fork 30 is changed from the 
present neutral position SP(N) to a next position 
45 SP(n) for the next (n + 1)ih gear position in a step 
S53. The shift fork 30 starts moving to the next 
position SP(n) at the time t4 as indicated by a 
curve SP(4) in FIG. 16(c). 

As the shift fork 30 moves to the next position 
so SP(n), the dowels 8b are displaced out of the 
respective dowel insertion slots 13b2. The roller 
synchronizing mechanism R for the next (n + />th 
is engaged, so that the rotational speeds Nm, Nc 
are equalized with each other. 
55 A step S54 calculates the positional difference 

ASP between the actual shift fork position SP and 
the next shift fork position SP(n). A step S55 then 
determines whether or not the absolute value of the 
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positional difference ASP is equal to or greater 
than a second predetermined value DS2. If |ASP|3 
DS2 at a time t5, then the cutting-off of the fuel 
injection starts being gradually canceled from the 
time t5 in steps S56 through S61. 

More? specifically, a fuel injection control signal 
of one period having a predetermined fuel cut-off 
time l(CUT) is issued in the steps S58, S59. Then, 
a fuel injection control signal of one period having 
a predetermined fuel cutoff time which is shorter 
than the fuel cut-off time l(CUT) by Al is issued in 
the step S60. This loop is repeated to gradually 
reduce the fuel cut-off time. When l(CUT) < 0, the 
normal fuel injection process is resumed in the 
steps S57, S61. 

The shift-up control process in the step S4 has 
been described above. Now, the shift-down control 
process in the step S5, for a downshift from the (n 
+ /Jth gear position to the nth gear position, will 
be described below with reference to a flowchart 
shown in FIGS. 17, 18, and 19, and timing charts 
shown in FIGS. 20(a), 20(b), 20(c), and 20(d). 

In the shift-down control process, a shift target 
value, i.e., a target angular position for the shift 
drum 24 to reach with the shift motor 26, is cal- 
culated from the type of the produced upshift com- 
mand signal in a step S71. Then, a gear dis- 
engagement control process for releasing the roller 
synchronizing mechanism R that is establishing the 
present (n + 1)\h gear position. 

First, the angular position of the shift motor 26 
is controlled based on the calculated shift target 
value in a step S72. The shift motor 26 is en- 
ergized to cause the shift drum 24 to start rotating, 
with a slight time lag, from the position SP(P) (see 
FIG. 20(b)) corresponding to the present (n + /Jih 
gear position toward the position corresponding to 
the next nth gear position which is to be achieved. 

However, since a drive torque is being trans- 
mitted through the roller synchronizing mechanism 
R, the sleeve 8 does not axially move and hence 
the dowels 8b do not enter the dowel insertion 
slots 13b2 because of frictional forces due to the 
drive torque being transmitted. As the shift drum 
24 rotates, therefore, the shift fork 30 (31, 32) 
moves as indicated by SP(1) in FIG. 20(b) by an 
interval corresponding to the play between the shift 
fork and the sleeve 8, and then stops after having 
reached a position SP(2). In the position SP(2), the 
sleeve 8 does not move while it is subjected to an 
axial push from the shift motor 26, and the dowels 
8b are positioned out of the dowel insertion slots 
13b2. The roller synchronizing mechanism R for 
the present (n + 1)ih gear position thus remains 
engaged. 

Then, a step S73 controls the throttle valve 
opening TH to reach a target opening, which is a 
full throttle valve opening WOT here, regardless of 


the condition of the accelerator pedal A. 

In a downshift, the engine rotational speed Ne 
is increased as the speed reduction ratio is in- 
creased. According to the shift-down control pro- 
5 cess, therefore, the roller synchronizing mechanism- 
R for the present gear position is first brought into 
a decelerated condition, and then the output power 
of the engine is increased until the output torque 
TQ of the engine E at the roller synchronizing 

10 mechanism R for the present gear position be- 
comes zero, i.e.. no load is transmitted between 
drive and driven members of the roller synchroniz- 
ing mechanism R for the present gear position, 
when the roller synchronizing mechanism R for the 

75 present gear position is disengaged. The throttle 
valve opening TH is thus controlled to reach the 
target opening WOT in the step S73 to increase 
the output power of the engine E. 

In the decelerated condition, the drive torque is 

20 transmitted from the drive road wheels to the en- 
gine E, i.e., from the countershaft SC to the main 
shaft SM through transmission gears. In the accel- 
erated condition, the drive torque is transmitted 
from the engine E to the drive road wheels, i.e., 

25 from the main shaft SM to the countershaft SC. 

Then, a step S74 determines whether a flag F 
that is initially set to zero is zero or not. Since the 
flag F is initially F = 0, control goes from the step 
S74 to a step S75. The flag F is set to F = 4 in the 

30 step S75, and then a delay timer TIME4 is set in a 
step S76. 

Thereafter, the time TIME4 to which the delay 
timer TIME4 is set is decremented by 1 (TIME4 = 
TIME4 - 1) in a step S77. In following cycles, since 

35 the flag F is F = 4, control goes from the step S74 
through a step S78 which determines whether the 
flag F is 1 or not, and a step S79 which determines 
whether the time TIME4 is 0 or not to the step S77. 
This loop is repeated until the time TIME4 elapses. 

40 When the time TIME4 elapses (TIME4 = 0) in 

the step S79, control goes to a step S80 in which 
the flag F is set to F = 5 and then a step S81 in 
which a cut-off timer TIMES is set. After the step 
S81 , the fuel injection starts to be initially cut off in 

45 a step S82. Thereafter, the time TIMES to which 
the cut-off timer TIME5 is set is decremented by 1 
(TIME5 = TIMES - 1) in a step S83. In following 
cycles, since the flag F is F = 5, control goes from 
the step S74 through a step S84 which determines 

so whether the flag F is 5 or not, and a step S85 
which determines whether the time TIME5 is 0 or 
not to the step S82 for initially cutting off the fuel 
injection once during the time to which the cut-off 
timer TIMES is set. This loop is repeated until the 

55 time TIMES elapses. 

When the fuel injection is initially cut off, the 
output power of the engine E is lowered to decel- 
erate the automobile. The time for which the fuel 
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injection is initially cut off is set to a value long 
enough to lower the output torque of the engine 
into a negative value to decelerate the automobile. 
The greater the output power of the engine E, the 
longer the time TIMES for which the fuel injection 
is initially cut off. 

When the time TIME5 elapses (TIMES = 0) in 
the step S85, control goes to a step S86 in which 
the flag F is set to F = 6 and then a step S87 in 
which a canceling timer TIME6 is set. Then, a first 
intermittent cutting-off of the fuel injection is started 
in a step S88, and the time TIME6 to which the 
canceling timer TIME6 is set is decremented by 1 
(TIME6 = TIME6 - 1) in a step S89. 

When the fuel injection is initially cut off, the 
output power of the engine is greatly lowered to 
decelerate the automobile. Thereafter, the first in- 
termittent cutting-off of the fuel injection is effected 
with the full throttle valve opening WOT to gradu- 
ally increase the output power of the engine. 

When the output torque TQ at the roller syn- 
chronizing mechanism R for the present gear posi- 
tion, i.e., any load between the drive and driven 
members of the roller synchronizing mechanism R, 
is eliminated, since the drive force applied to the 
roller synchronizing mechanism R for the present 
gear position falls to zero, the frictional resistance 
to axial movement of the sleeve 8 is substantially 
eliminated. The sleeve 8 is now axially moved 
under the axial push from the shift motor 26, insert- 
ing the dowels 8b into the respective dowel inser- 
tion slots 13b2 of the retainer 13b. The shift fork 
moves from the position SP(2) through a position 
SP(3) to a neutral position SP(N), as shown in FIG. 
20(b). When the shift fork reaches the neutral posi- 
tion SP(N). the shift motor 26 is temporarily de- 
energized. In the neutral position SP(N), the dowels 
8b are fully fitted in the respective dowel insertion 
slots 13b2 as shown in FIG. 5. 

The difference ASP between the neutral posi- 
tion SP(N) and an actual shift fork position when 
the shift fork moves to the neutral position SP(N) is 
detected in a step S91. A step S92 determines 
whether or not the absolute value of the difference 
ASP is equal to or smaller than a third predeter- 
mined value DS3 (ASP £ DS3) to determine wheth- 
er the sleeve 8 has started to move or not. The 
third predetermined value DS3 is selected to be 
slightly smaller than the difference between the 
position SP(2) and the neutral position SP(N). 

When the sleeve 8 has started to move, since 
the output torque TQ of the engine E is substan- 
tially eliminated, control proceeds to a step S93 in 
which a second intermittent cutting-off of the fuel 
injection is effected and then a step S94 in which 
gears are engaged. 

If the absolute value of the difference ASP is 
greater than the third predetermined value DS3 


(ASP < DS3) continuously for the time TIME6 of 
the canceling timer TIME6, i.e., if the sleeve 8 does 
move and the neutral position is not reached even 
after elapse of the time TIME6, then control goes 
5 to a step S95 in which the present shift-down 
control process is canceled and a step S96 in 
which the flag F is set to F = 0. 

The gear disengagement control process is 
carried out in the above manner. When the roller 

w synchronizing mechanism R for the present (n -f 
1)th gear position is brought into a neutral con- 
dition by the gear disengagement control process, 
a synchronized gear engagement control process 
is executed in a step S94. 

75 The synchronized gear engagement control 

process is effected after the second intermittent 
cutting-off of the fuel injection in the step S93. The 
synchronized gear engagement control process is 
the same as that in the shift-up control process 

20 according to the flowchart shown in FIG. 15 except 
that the rotational speeds of the main shaft and 
countershaft vary as follows: 

As shown in FIG. 20(d), when a shift-down 
command signal is issued, the rotational speed Nc 

25 of the countershaft SC as the rotational speed 
corresponding to the next nth gear position be- 
comes higher than the rotational speed Nm of the 
main shaft SM. 

When the roller synchronizing mechanism R 

30 for the present (n + fjth gear position is dis- 
engaged into the neutral condition and the second 
intermittent cutting-off of the fuel injection is effec- 
ted, the rotational speed Nm of the main shaft SM 
rises and approaches the rotational speed Nc of 

35 the countershaft SC as shown in FIG. 20(d). The 
process for controlling the second intermittent 
cutting-off of the fuel injection is a feedback control 
process for making the rotational speed Nm ap- 
proach the rotational speed Nc. The step S51 cal- 

40 culates the difference ANs between the rotational 
speeds Nm, Nc, and then the step S52 determines 
whether or not the difference ANs is equal to or 
lower than the predetermined difference DN. 

If ANs £ DN, then the position of the shift fork 

45 30 is changed from the present neutral position 
SP(N) to a next position SP(n) for the next nth gear 
position in the step S53. The shift fork 30 starts 
moving to the next position SP(n) at the time t4 as 
indicated by the curve SP(4) in FIG. 20(b). 

so As the shift fork 30 moves to the next position 

SP(n), the dowels 8a are displaced out of the 
respective dowel insertion slots 13a2. The roller 
synchronizing mechanism R for the next nth is 
engaged, so that the rotational speeds Nm, Nc are 

55 equalized with each other. 

The step S54 calculates the positional differ- 
ence ASP between the actual shift fork position SP 
and the next shift fork position SP(n). The step S55 
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then determines whether or not the absolute value 
of the positional difference ASP is equal to or 
greater than the second predetermined value DS2. 
If |ASP|£ DS2, then the cutting-off of the fuel injec- 
tion starts being gradually canceled from that time 5 
in the steps S56 through S61. 

In this above embodiment, as shown in FIG. 1, 
the throttle valve T is disposed in the intake pas- 
sage of the engine E, and the throttle valve T is 
fully opened In the step S73 shown in FIG. 17. w 

However, as shown in FIG. 21 which illustrates 
an automobile transmission control system accord- 
ing to another embodiment of the present inven- 
tion, a bypass intake passage BP may be con- 
nected parallel to a main intake passage MP with a 75 
throttle valve T disposed therein, and a bypass 
opening/closing valve BV may be disposed in the 
bypass intake passage BP for selectively opening 
and closing the bypass intake passage BP. The 
bypass opening/closing valve BV can be opened 20 
and closed by an electromagnetic solenoid BS 
which is electrically connected to the electronic 
control unit U. The other details of the automobile 
transmission control system shown in FIG. 21 are 
the same as those of the automobile transmission 25 
control system shown in FIG. 1. 

In the automobile transmission control system 
shown in FIG. 21, the process of controlling the 
throttle valve opening TH to reach a target opening 
in the step S73 shown in FIG. 17 is carried out as 30 
follows: As shown in FIGS. 22(a) through 22(e), the 
throttle valve T is fully closed, and the bypass 
opening/closing valve BV is fully opened to supply 
intake air through the bypass intake passage BP to 
the engine E. The throttle valve opening control 35 
process is effected quickly because any response 
delay caused when the bypass opening/closing 
valve BV is fully opened is relatively small although 
a relatively large response delay is experienced 
when the throttle valve T is fully opened. 40 

Although certain preferred embodiments of the 
present invention have been shown and described 
in detail, it should be understood that various 
changes and modifications may be made therein 
without departing from the scope of the appended 45 
claims. 

Some aspects of the invention are as follows: 

A system for controlling an automobile trans- 
mission effects a gear change by disengaging syn- 
chronizing clutch means for a present gear posi- 50 
tion, achieving a neutral gear position, and then 
engaging a synchronizing clutch for a next gear 
position In response to a shift control signal. The 
automobile transmission has an actuator for selec- 
tively engaging and disengaging the synchronizing 55 
clutch. An electronic control unit controls an engine 
output adjusting assembly to adjust the output 
power of the engine and also controls the actuator 


to start disengaging the synchronizing clutch for a 
present gear position in response to a shift com- 
mand signal. The electronic control unit also con- 
trols the actuator to complete disengaging the syn- 
chronizing clutch for a present gear position to 
enter the neutral gear position when substantially 
no load is transmitted between drive and driven 
members of the synchronizing clutch for a present 
gear position under the control of the engine output 
adjusting assembly. 

Claims 

1. A system for controlling an automobile trans- 
mission to effect a gear change by disengag- 
ing synchronizing clutch means for a present 
gear position, achieving a neutral gear position, 
and then engaging synchronizing clutch means 
for a next gear position in response to a shift 
control signal, said system comprising: 

shift command means for outputting a shift 
command signal; 

an actuator for selectively engaging* and 
disengaging the synchronizing clutch means; 

engine output adjusting means for adjust- 
ing an output power of an engine; and 

control means for controlling said engine 
output adjusting means to adjust the output 
power of the engine and controlling said ac- 
tuator to start disengaging said synchronising 
clutch means for a present gear position in 
response to the shift command signal output- 
ted by said shift command means, and for 
controlling said actuator to complete disengag- 
ing said synchronizing clutch means for a 
present gear position to enter the neutral gear 
position when substantially no load is transmit- 
ted between drive and driven members of the 
synchronizing clutch means for a present gear 
position under the control of said engine output 
adjusting means. 

2. A system according to claim 1, wherein said 
engine output adjusting means comprises 
means responsive to the shift command signal 
from said shift command means for effecting a 
first engine output adjusting mode to quickly 
lower the output power of the engine for a first 
period of time from the reception of the shift 
command signal, and effecting a second en- 
gine output adjusting mode to gradually lower 
the output power of the engine for a second 
period of time following said first period of 
time, and wherein said control means com- 
prises means responsive to the shift command 
signal from said shift command means for con- 
trolling said actuator to start disengaging said 
synchronizing clutch means for a present gear 
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position and to complete disengaging said syn- 
chronizing clutch means for a present gear 
position to enter the neutral gear position when 
substantially no load is transmitted between 
the drive and driven members of the synchro- 5 
nizing clutch means for a present gear position 
in said .second engine output adjusting mode 
effected by said engine output adjusting 
means. 

10 

3. A system according to claim 1 or 2, wherein 
said engine output adjusting means comprises 
engine output generating means for generating 
the output power of the engine and engine 
output controlling means for controlling said 75 
engine output generating means, said engine 
output controlling means comprising means re- 
sponsive to the shift command signal from said 
shift command means for effecting a first en- 
gine output adjusting mode to shut off said 20 
engine output generating means for a first pe- 
riod of time from the reception of the shift 
command signal, and effecting a second en- 
gine output adjusting mode to intermittently 
shut off said engine output generating means 25 
for a second period of time following said first 
period of time, and wherein said control means 
comprises means responsive to the shift com- 
mand signal from said shift command means 

for controlling said actuator to start disengag- 30 
ing said synchronizing clutch means for a 
present gear position and to complete dis- 
engaging said synchronizing clutch means for 
a present gear position to enter the neutral 
gear position when substantially no load is 35 
transmitted between the drive and driven 
members of the synchronizing clutch means 
for a present gear position in said second 
engine output adjusting mode effected by said 
engine output controlling means. aq 

4. A system according to claim 3, wherein said 
engine output generating means comprises ig- 
nition controlling means for controlling ignition 

of the engine, said control means comprising 45 
means for completely shutting off said ignition 
controlling means in said first engine output 
adjusting mode and intermittently shutting off 
said ignition controlling means in said second 
engine output adjusting mode. 50 

5. A system according to claim 3, wherein said 
engine output generating means comprises 
fuel injection controlling means for controlling 

fuel injection of the engine, said control means 55 
comprising means for completely cutting off 
fuel injection by said fuel injection controlling 
means in said first engine output adjusting 
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mode and intermittently cutting off fuel injec- 
tion by said fuel injection controlling means in 
said second engine output adjusting mode. 

6. A system according to claim 1 or 2, wherein 
said engine output adjusting means comprises 
engine output generating means for generating 
the output power of the engine, engine output 
controlling means for controlling said engine 
output generating means, and intake control 
means for adjusting the amount of intake air to 
be supplied to the engine, said control means 
comprising means responsive to the shift com- 
mand signal from said shift command means 
for controlling said intake control means to 
increase the amount of intake air and control- 
ling said actuator to start disengaging said 
synchronizing clutch means for a present gear 
position, said engine output controlling means 
comprising means for shutting off said engine 
output generating means to bring said syn- 
chronizing clutch means for a present gear 
position into a decelerated condition for a first 
period of time from the reception of the shift 
command signal, and said control means com- 
prising means for controlling said actuator to 
complete disengaging said synchronizing 
clutch means for a present gear position to 
enter the neutral gear position when the output 
power of the engine is increased until no load 
is transmitted between the drive and driven 
members of the synchronizing clutch means 
for a present gear position. 

7. A system according to claim 6, wherein said 
engine output controlling means comprises 
means for effecting a first engine output ad- 
justing mode to shut off said engine output 
generating means for a first period of time 
from the reception of the shift command sig- 
nal, and effecting a second engine output ad- 
justing mode to intermittently shut off said en- 
gine output generating means for a second 
period of time following said first period of 
time. 

8. A system according to claim 7, wherein said 
engine output generating means comprises ig- 
nition controlling means for controlling ignition 
of the engine, said control means comprising 
means for completely shutting off said ignition 
controlling means in said first engine output 
adjusting mode and intermittently shutting off 
said ignition controlling means in said second 
engine output adjusting mode. 

9. A system according to claim 7, wherein said 
engine output generating means comprises 
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fuel injection controlling means for controlling 
fuel injection of the engine, said control means 
comprising means for completely cutting off 
fuel injection by said fuel injection controlling 
means in said first engine output adjusting 5 
mode and intermittently cutting off fuel injec- 
tion <by said fuel injection controlling means in 
said second engine output adjusting mode. 

10. A system according to claim 7, 8, or 9, w 
wherein said shift command signal comprises 

a command signal for instructing the auto- 
mobile transmission to effect a downshift. 

11. A system according to claim 1 or 2, wherein 75 
said engine output adjusting means comprises 
engine output generating means for generating 

the output power of the engine, engine output 
controlling means for controlling said engine 
output generating means, a throttle valve for 20 
adjusting the amount of intake air to be sup- 
plied to the engine, a bypass intake passage 
for supplying intake air to the engine in by- 
passing relationship to said throttle valve, and 
bypass opening/closing means for selectively 25 
opening and closing said bypass intake pas- 
sage, said control means comprising means 
responsive to the shift command signal from 
said shift command means for fully closing 
said throttle valve and fully opening said by- 
pass opening/closing means, said engine out- 
put controlling means comprising means for 
effecting a first engine output adjusting mode 
to shut off said engine output generating 
means for a first period of time from the recep- 
tion of the shift command signal, and effecting 
a second engine output adjusting mode to 
intermittently shut off said engine output gen- 
erating means for a second period of time 
following said first period of time, said control 40 
means comprising means for controlling said 
actuator to start disengaging said synchroniz- 
ing clutch means for a present gear position 
from the reception of the shift command signal 
and to complete disengaging said synchroniz- 45 
ing clutch means for a present gear position to 
enter the neutral gear position when substan- 
tially no load is transmitted between the drive 
and driven members of the synchronizing 
clutch means for a present gear position in 50 
said second engine output adjusting mode ef- 
fected by said engine output controlling 
means. 
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means for completely shutting off said ignition 
controlling means in said first engine output 
adjusting mode and intermittently shutting off 
said ignition controlling means in said second 
engine output adjusting mode. 

13. A system according to claim 11, wherein said 
engine output generating means comprises 
fuel injection controlling means for controlling 
fuel injection of the engine, said control means 
comprising means for completely cutting off 
fuel injection by said fuel injection controlling 
means in said first engine output adjusting 
mode and intermittently cutting off fuel injec- 
tion by said fuel injection controlling means in 
said second engine output adjusting mode. 

14. A system according to claim 12 or 13, wherein 
said shift command signal comprises a com- 
mand signal for instructing the automobile 
transmission to effect a down-shift. 


12. A system according to claim 11, wherein said 55 
engine output generating means comprises ig- 
nition controlling means for controlling ignition 
of the engine, said control means comprising 
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